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Abstract 
In the present work, the phosphate removal by hydrous iron oxide freshly prepared is studied. Experiments were conducted to study the 
effects of pH, iron concentration and the presence of sulphate, chromate, oxalate and certain metallic ions. Infrared spectroscopic 
analyses were performed to characterize the mechanism of phosphate interaction with the hydrous oxide in the absence and in the 
presence of the competitive ions. 
The results of macroscopic analyses show that the phosphate uptake is related to pH. The effect of iron concentration, suggests a certain 
saturation of adsorption sites. The effect of oxalate ions is more significant than those of chromate and sulphate ions. The presence of 
zinc and copper decreases the phosphate removal at pH > 7. 
In the absence of the other ions, the IR spectra of the solid samples show a broad band in the surrounding of 1030cm-1, characterizing 
the tetrahedral symmetry of phosphate. Among the studied anions, only chromate has an effect on the mechanism of  phosphate ion 
retention by hydrous iron oxide freshly prepared.  
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISWEE’11 
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1. Introduction 
As a main nutrient, phosphate is very essential for growth of organisms in most ecosystems. However, it is a major cause 
of eutrophication and it is essential to remove its excessive concentration in water. Several methods are used for phosphate 
removal from waste waters [1].
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The main commercial processes for removing phosphorus from wastewater effluents are chemical precipitation, biological 
treatment or a combination of both [2]. Among the chemical methods, the ion exchange and adsorption proved to be more 
effective [3]. Iron oxyhydroxides with their chemical nature and high specific area play an important role in the removal 
of a great number of anions. They have positive surface charge at acid to neutral pH [4]. Numerous studies have employed 
aged iron oxides/hydroxides as adsorbents for phosphate ions removal from aqueous solutions; however, little attention is 
paid to phosphate removal by hydrous iron freshly prepared. 
The objective of the present work is the study of phosphate removal by hydrous iron oxide prepared in the presence of 
phosphate ions. A series of macroscopic experiments are carried out in order to study the effects of several parameters. 
The retention mechanism is evaluated by the analyses of solid samples obtained in different experiments.   
2. Material and Methods 
2.1. Reagents 
All chemicals used in this study were of analytical grade reagent and no purification was used. All experimental vessels 
and storage containers were Pyrex glass. The stock solutions of iron and phosphate were prepared by dissolving 
Fe(NO3)39H2O and (KH2PO4) respectively. The pH was adjusted by adding NaOH solution prior to each experiment. pH 
measurements were calibrated to 0.01 pH units using radiometer analytical buffer solutions. Competitive anions were used 
as the corresponding sodium salts. Cationic metals were used as the corresponding nitrate salts. 
2.2. Experimental procedures 
2.2.1. Macroscopic Analyses
Solutions mixers were prepared by combining the ferric nitrate solution with the phosphate solution in a ratio 1/1. To 
examine the effect of foreign ions, experiments were performed in the presence of sulfate, oxalate, chromate, copper and 
zinc. All sorption experiments were conducted in batch in 250ml glass beakers. Hydrous iron oxide colloids were prepared 
by raising the pH of an aliquot of 100 ml of the solution mixer to the target pH under atmospheric conditions using a pH 
meter pH M210 equipped with a combined glass electrode. A slow mixing speed using a magnetic stirrer operating at 60 
rpm was employed to facilitate the formation of stable flocks. The suspension formed was agitated for 60min; then, the 
final pH was measured, and the suspension was centrifuged at 2000 rpm for 15 min. Residual phosphate concentrations 
were measured by the molybdenum blue method. The absorbance was measured at 700nm with a UV-1650PC Shimadzu 
spectrophotometer and compared to a standard curve. The difference between the initial phosphate concentration and the 
remaining concentration yielded the percent removal. It was necessary to account for changes in volume from addition of 
standardized NaOH in certain experiments. 
2.2.2. Solid samples analyses 
All the solid analyses were undertaken with air-dried samples at ambient temperature. As soon as the samples were 
sufficiently dry, they were mixed with powdered KBr in an agate mortar and compressed into disk. The transmission 
infrared spectra were recorded in   4000 to 400 cm-1 range using a Hyper IR Shimadzu E spectrophotometer. 
3. Results and discussion 
3-1. Macroscopic Analyses 
3.1.1. Effects of solution pH and ferric concentration 
   
The equilibrium adsorption of phosphate anions as a function of pH and iron concentration is presented in the Figure 
1, which depicts the variation of the amount of phosphate adsorbed versus solution equilibrium pH and iron 
concentration. The maximum adsorption occurred at acidic pH. Phosphate removal decreases with the increase in 
equilibrium pH up to 6. The –OH groups in the hydrated oxides like hydrous iron oxide attract or dissociate protons 
depending on the pH solution. Consequently, the surface charge is highly pH dependent.   
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A value of 8.1 of the zero point of charge has been reported for ferric hydroxide [5]. Therefore, the surface of the 
adsorbent is positively charged at pH <8.1 and favourable for nonspecific adsorption of anions through coulumbic 
attractions. Then, the decrease in phosphate uptake with rising pH reflects the decrease in the number of surface 
Fe(OH)2+  [4]. In the other hand, the protonation of phosphate ions depends on pH, in the pH range 3-6 H2PO4- is the 
predominant species. Therefore, the important phosphate removal in this pH range can be attributed to the significant 
concentration of H2PO4-. The decrease in iron concentration implies the decrease in phosphate removal suggesting the 
saturation of sites on the surface of the formed hydrous iron oxide.
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Fig.1: Phosphate removal at different iron concentrations (H2PO4-: 1.5mM) 
3.1.2. Effects of ions 
Waste waters contain cations and anions at various concentrations. Among the studied ions, oxalate has a greater 
effect on the retention of phosphate ions (Figure 2). For an oxalate concentration of 2mM, the phosphate uptake is 
significantly reduced in the pH range 5 to 7, indicating a significant competition between the two anions. In several 
studies, competitive adsorption among inorganic anions and organic acids has been observed [6]. It has been shown 
that organic anions such as oxalate were very effective in reducing phosphate adsorption on kaolinite, gibbsite and 
goethite [7].
In the pH range studied, phosphate removal is not influenced by the presence of sulphate, chromate and cadmium 
ions. For the concentration tested, the presence of copper and zinc decreases the phosphate removal at pH > 7, 
showing a competitive effect as the surface charge becomes more negative, favouring the interaction with cations 
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Fig. 2: Phosphate removal in the presence of oxalate ions  (H2PO4: 1.5Mm; Fe3+: 5.10-3M) 
.   
3.2. Spectroscopic analyses 
The drying procedure used in our study leaves a significant amount of water on oxide surface as evidenced in the IR 
spectra by bands originating from the stretching and bending vibrations of water molecules at wave number around 
1625 and 1635 cm
-1
[4]. In the IR spectrum of the solid obtained after phosphate ions removal by hydrous iron oxide 
freshly prepared at pH 5.68 (Figure 4(a)), the band at 1031.8 cm-1 is attributed to the phosphate group showing the 
formation of outer sphere complex. However, the formation of iron phosphate is not ruled out. The interaction of the 
hydrous iron oxide with phosphate is not affected by the presence of sulphate and oxalate ions. The IR spectra 
obtained in the presence of these ions show the same band (spectra not shown). However, in the presence of chromate 
ions, a modification in the phosphate characteristic band is observed (Figure 4(b)), suggesting an interaction with 
phosphate on the surface of the hydroxide. A split of the main band is observed implying that the formation of inner 
sphere complex is more probable in this case.  
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Fig. 3: Phosphate removal (H2PO4- :1mM; Fe3+: 3.10-3M) (a) in the presence of copper (Cu2+: 10-5M), (b) in the presence of zinc 
            (Zn2+: 10-5M) 
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Fig. 4: (a) IR spectrum of hydrous iron oxide prepared in the presence of phosphate ions (Fe: 5.10-3M; PO43-: 1.5mM; pH: 5.68) 
         (b) IR spectrum of hydrous iron oxide prepared in the presence of phosphate and chromate ions (Fe: 5.10-3M; PO43-: 1.5mM;    
                 pH: 4.27) 
4. Conclusion  
The present study investigates the effect of parameters such as pH, iron concentration and the presence of various ions 
on the removal of phosphate ions by hydrous iron oxide freshly prepared. The phosphate uptake is related to pH. The 
more significant removal is achieved at pH < 6. The decrease in iron concentration loads to a decrease in phosphate 
removal. The rate of phosphate uptake by the hydrous iron oxide is influenced by the presence of oxalate. At the 
studied concentration, the effect of the presence of copper and zinc depend on the pH. At pH range < 7 the two metals 
do not influence phosphate removal. IR analyses show the formation of outer sphere complex at the surface of the 
hydroxide. In the presence of chromate ions, the formation of inner sphere complex is more probable.
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